This study is the first to compare random regret minimization (RRM) and random utility maximization (RUM) in freight transport application. This paper aims to compare RRM and RUM in a freight transport scenario involving negative shock in the reference alternative. Based on data from two stated choice experiments conducted among Swiss logistics managers, this study contributes to related literature by exploring for the first time the use of mixed logit models in the most recent version of the RRM approach. We further investigate two paradigm choices by computing elasticities and forecasting choice probability. We find that regret is important in describing the managers' choices. Regret increases in the shock scenario, supporting the idea that a shift in reference point can cause a shift toward regret minimization. Differences in elasticities and forecast probability are identified and discussed appropriately.
Introduction
Discrete choice modeling applications are generally based on (linear) random utility maximization (RUM) theory (Thurstone, 1927; Manski, 1977) and the derived logit model (McFadden, 1974 , Ben-Akiva & Lerman, 1985 Train, 2009 ). However, growing evidence suggests that the choice paradigm based on RUM lacks behavioral realism in some occasions (see Hess et al., 2012) .
The random regret minimization (RRM) approach to discrete choice modeling is a relatively new choice paradigm that relaxes the assumption of utility maximization, remaining econometrically as parsimonious and tractable as its utilitarian counterpart, Although only recently introduced in transportation (Chorus, 2010) , different applications that focus on comparing the outcomes of the RUM and RRM models are emerging in different fields, including choices among shopping destinations and parking lots (Chorus, 2010) , road pricing policies , departure times (Chorus & de Jong, 2011) , travel mode (Pathan, 2010) , travel choice (Chorus et al., 2008) , route choices and traffic equilibria (Chorus, 2012a) , automobile fuel choice (Hensher et al., 2011) , drivers' choices of crash avoidance (Kaplan and Prato, 2012) , online dating profiles (Chorus and Rose, 2011) , recreational activities (Thiene et al., 2012 and Boeri et al., 2012) , and health economics (Boeri et al., 2013) .
The short literature review 2 performed in this present study indicates that none of the applications are in the context of freight transport and that the comparison between the RRM and RUM models is exclusively based on MNL model specifications 1 The idea that regret minimization is an important choice behavior is well established in many fields, namely, marketing (Simonson, 1992; Zeelenberg and Pieters, 2007) , microeconomics (Loomes and Sugden, 1982; Sarver, 2008) , psychology (Zeelenberg, 1999; Connolly, 2005) , management sciences (Savage, 1954; Bell, 1982) , and transportation (Chorus et al., 2006 (Chorus et al., , 2009 . The random regret minimization approach to discrete choice models translates this conceptual notion into an operational, easily estimable logit model for the analysis of risky (Chorus, 2012a) and riskless choices (Chorus, 2010) .
2 For a more exhaustive overview of comparisons between RUM and RRM, see Chorus (2012c) . Our analysis indicates that the underlying assumption of the RRM approach becomes particularly interesting when the reference alternative is specifically manipulated (i.e., shifted) for research purposes, especially in applications that 3 We acknowledge that Hess et al. (2012) allowed for heterogeneity within the RRM model but did not observe such. We further note that Hess et al. (2012) referred to the version of RRM proposed in 2008 (alternative specific regret; Chorus, et al. 2008) . This current paper refers to the version of RRM developed in 2010 (attribute specific regret; Chorus, 2010 anticipated regret rather than maximize utility when faced with a decision in a modified scenario as a result of the increased feeling of responsibility associated with the choice that has to be made (Zeelenberg and Pieters, 2007) . Furthermore, it is reasonable to expect that the probability of regret being considered instead of utility increases in the case of negative shock given that the respondents are already facing an incurred loss.
Therefore, another contribution of this paper to related literature is the exploration of how the comparison between RUM and RRM model varies in two scenarios: a baseline scenario with a defined reference point and a scenario involving negative shock in the reference alternative.
The remainder of the paper is organized as follows: Section 2 presents the methodology, Section 3 describes the dataset, and Section 4 presents the empirical analyses based on the case study. RRM and RUM are compared in terms of parameter estimates, goodness of fit, elasticity, and policy scenario. Section 5 presents the conclusions and avenues for further research.
Methodology
The specification of the linear parameter utility function in the RUM choice paradigm (Thurstone, 1927; Manski, 1977) is provided by
where i is the alternative selected by respondent n, X is a vector with m attributes, β is a vector with m parameters to be estimated, and ε is an independent and identically Given the utility function of Equation 1, choice probability is represented by an RU-MNL model as follows (McFadden, 1974) :
where V in = β' X ni .
The regret function in an RRM framework is represented as
where R ni is observed anticipated regret associated with the choice of alternative i among j alternatives and ω is an extreme value type I-distributed i.i.d. error term representing the unobserved part of regret. The level of observed anticipated regret associated with the choice of alternative i among j alternatives, each of which is described in terms of m attributes, can be written as follows (Chorus, 2010) :
where θ is a vector with m parameters to be estimated. The observable part of regret associated with a choice is represented by the sum of all the "binary regrets" associated with comparing all attributes m in alternative i with all attributes m in the other alternative j in the choice set. Acknowledging the fact that minimizing random regret is mathematically equivalent to maximizing negative random regret, the probability of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w  O  n  l  y   6 individual n selecting alternative i over any other alternative j in the choice set is represented by the RR-MNL model as follows (Chorus, 2010) 5 :
Equations 2 and 5are the logit formulas for the RU-MNL and RR-MNL models, (McFadden and Train, 2000) .
If the values of the estimated parameter vector in an MXL model are known with certainty for each respondent, then the probability of respondent n's sequence of choices would be provided by
where ‫ݕ‬ ௧ is the sequence of choices over T choice occasions for respondent n. Given that determining the value of the parameters with certainty for each respondent is impossible, random variation is allowed to facilitate the estimation of heterogeneity for all respondents. Unconditional choice probability is obtained in this condition by integrating the product of logit probabilities over the distribution of β n into the RU- 
MXL models
and by integrating the product of logit probabilities over the distribution of θ n into the RR-MXL models
The analyses were performed with Biogeme 2.2 (see Bierlaire, 
Application to freight transport
The data utilized for estimation were obtained from two stated preference ( With regard to transportation mode, the road alternative represents the status quo (i.e., the reference alternative) being the preferred transportation mode for typical freight transport described by the logistics managers. Aside from the status quo, the first SP experiment considered two hypothetical alternatives, namely, piggyback (PB, i.e., truck carried on train) and combined transport (TC, which is a combination of road and rail transportation modes). The status quo in the second experiment (shock scenario) was replaced by transitional status quo, which is the actual second-best road alternative (SR, San Bernardino road corridor). As for the hypothetical alternatives, PB and TC were considered as well as a third hypothetical alternative representing a regulated road (which simulates a congestion-free San Bernardino road corridor) and assuming a priority policy that allows the original punctuality to be maintained.
[Insert Table 1 here.]
The two SP experiments involved 15 choice tasks each and were conducted sequentially through face-to-face computer-assisted personal interview (CAPI). A total 8 See Masiero and Hensher (2011) for application of similar data on shift of reference point in a reference-dependent specification. 9 The criteria for setting transitional transport were derived from an in-depth phone survey of six of the most important shippers in the region. The criteria reflect the consequences of detour via the second best road alternative, namely, the San Bernardino road corridor. 
Empirical results
This section reports the results for the MNL and MXL models under RRM and RUM paradigms in the two experiments (before and after the negative shock on the reference point). Table 2 presents the estimates from RU-MNL and RR-MNL, and Tables 3 and 4 present the results from RU-MXL and RR-MXL for the two considered versions of random heterogeneity, namely, normal and constrained triangular distribution.
[Insert Table 2, Table 3 , and Table 4 here.]
The estimated coefficients present in all the models introduced in Tables 2, 3, and 4 (i.e., mean coefficients βs and alternative specific constants ASCs) are all highly statistically significant in the first experiment. However, the regulated road and secondbest road are not statistically different in the second experiment (the parameter ASC_SR, which is a dummy variable for the second-best road with the regulated road as baseline, is not statistically significant). Considering that the RR-MNL model's underlying behavioral premises are fundamentally different from those in the RU-MNL model, the fact that both models highlight the same differences in the first and second experiments may be considered a sign of robustness for further policy appraisals (a 10 The statistic population comprised 101 medium and 19 large firms operating in the manufacturing sector in Ticino (Swiss Federal Office, Neuchatel). The coefficients of time, punctuality, and cost exhibit all the expected signs in all the model estimations. The fact that managers, on the average, dislike transportation modes that imply long travel time or high cost and prefer options with a high probability of punctuality is consistent with the expectations.
Remembering that the interpretation of estimates is not directly comparable with the RUM model is important when analyzing estimates from the RRM approach. A positive and significant coefficient β, such as the one for punctuality, suggests that regret increases as punctuality increases in a non-chosen alternative (compared with the level of punctuality for the chosen alternative). A negative coefficient for time (and cost) suggests that regret decreases as the difference in time (or cost) between the chosen and non-chosen transportation mode increases because the non-chosen mode requires more time for delivery (or is more expensive).
With regard to the estimates obtained from the MXL models wherein normal distributions are assumed to describe taste heterogeneity (Table 3) , we find that the standard deviations of the normal distributions associated with the three β coefficients, namely, cost, punctuality, and time, are highly significant in both approaches. This result shows that the presence of heterogeneity in preferences is strong in the sample in both RUM and RRM choice paradigms. Similar results are obtained from the estimates of the MXL models assuming constrained triangular distributions as random parameters (Table 4 ). The preference heterogeneity in the RUM and RRM choice paradigms is Considering the error components, the presence of a nesting structure between similar alternatives is observed for both RU-MXL and RR-MXL models, independent of the distributional assumption considered for random heterogeneity. Both models suggest a significant correlation between alternatives PB and TC in the first experiment.
A different pattern is observed in the second experiment between the RU-MXL and RR-MXL models assuming constrained triangular distributions (Table 4) . The former suggests a significant correlation between PB and TC but not between the preferred road and second-best road alternative. The latter suggests a significant correlation both between PB and TC and between the preferred road and second-best road alternative.
Analysis of the performance of the proposed model specifications indicate that the RRM regret version outperforms its RUM counterpart in all the estimated MNL and MXL models (with the exception of the first experiment presented in Table 4 ) as indicated by the higher log-likelihood (LL) function and the higher rho-squared (rho  2 ) value. Interestingly, this difference is enhanced in the shock scenario as proven by the test for non-nested models 11 computed for each pair of models presented in Tables 2, 3, and 4. In particular, the LL functions in the first experiment are different (RRM is better than RUM) at 90 percent for the MNL specifications and 95 percent for the MXL specifications, assuming normal distribution of random parameters (a statistically insignificant difference is recorded between the RRM and RUM specifications presented in Table 4 ). By applying the same test in the second experiment, the 11 We adopted the test for non-nested models explained by Ben-Akiva and Swait (1986). performance of all the alternatives in the choice tasks rather than on the performance (choice probability) of the specific alternative only (Chorus, 2010) .
[Insert Table 5 and Table 6 here.]
Direct elasticity values were computed for each characteristic of each transportation mode (time, punctuality, and cost). The computed elasticities from the RU-MNL and RR-MNL model estimates are reported in Tables 5 and 6 13 The elasticities based on MXL estimates can be linked to assumptions on distribution and are difficult to obtain and interpret. As such, the following comparison is based exclusively on estimates obtained from the RU-MNL and RR-MNL specifications. (Table 5 ).
The differences become remarkable in the second experiment (Table 6) All the attributes are relatively elastic in the two experiments. For example, a one percent increase in punctuality associated with the road alternative results in a 16.22 percent increase in the probability of selecting the road alternative when everything else is held constant. Similarly, a one percent increase in the price of the road alternative reduces the probability of selecting the road by 3.78 percent.
Furthermore, in the shock scenario (second experiment), the magnitude of the elasticities increases for all the three investigated attributes compared with the first experiment. This result is a behavioral reaction caused by the negative shock presented [Insert Table 7 and Table 8 here.]
A policy scenario was established to better investigate the relevance of the two model outputs in terms of managerial implications in the context of probability forecasting for transportation mode. The policy scenario assumes a 15 percent increase in time for the preferred road and second-best road alternative for the first and second experiments, respectively. In particular, the policy scenario assumes that the increase in travel time is a result of increasing congestion in the status quo alternatives for both experiments. The results from RR-MNL and RU-MNL are reported in Table 7 for the baseline experiment and in Table 8 for the shock experiment.
An increase in transport time suggests, as expected, a decrease in the probability of selecting the preferred road (second-best road in the second experiment). The RU-MNL and RR-MNL models result in different probability forecasting. In both experiments, the impact of longer time on the status quo road alternatives as predicted by the RR-MNL model is lower than that predicted by the RU-MNL model.
Interestingly, in the assumed policy scenario, the decrease in market share of the status quo alternative predicted by the RR-MNL model is nearly the same in the two experiments: 4.6 percent and 4.5 percent for the first and second experiments, respectively. Conversely, in the RU-MNL model, we observe a 6.5 percent decrease in the market share of the status quo alternative for the first experiment and a 5.3 percent decrease for the second experiment. 
Conclusions and discussion
This study is the first to compare RRM and RUM in freight transport. The study provides a methodological contribution to related literature by comparing the two approaches to estimate MXL models (RU-MXL and RR-MXL), which allow random heterogeneity in taste and correlation among alternatives. This study is based on two stated choice experiments that investigate if a negative shift in reference point has an impact on logistics managers' approach to choice (i.e., switching from maximizing utility to minimizing regret).
The comparison of RRM and RUM revealed that RR-MNL and one of the two estimated RR-MXL models exhibited a slightly better model fit than their RUM counterparts. The difference in model fit was amplified in the shock scenario, supporting the assumption that regret becomes an important choice paradigm when a negative shift in the reference point is introduced. This situation is related to the increased feeling of responsibility under negative circumstances (Zeelenberg and Pieters, 2007) . In this context, the effect of negative shift in reference point on logistics managers' approach to choice should be further investigated. Another interesting finding was the differences observed between the two versions of proposed MXL models. The specified models assuming a constrained triangular distribution suggested a statistically significant improvement in RRM only in the shock scenario, where RRM exhibited better ability than RUM in terms of measuring the correlation among similar alternatives.
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